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ABSTRACT 

Background Hong Kong, a major city in China, has one 
of the world's highest income inequalities and one of the 
world's highest average increases in urban ambient 
temperatures. Heat-related mortality in urban areas may 
vary with acclimatisation and population characteristics. 
This study examines how the effect of temperature on 
mortality is associated with sociodemographic 
characteristics at an intracity level in Hong Kong, China, 
during the warm season. 

Methods Data from the Hong Kong Observatory, Census 
and Statistics Department, Environmental Protection 
Department and government general outpatient clinics 
during 1998—2006 were used to construct generalised 
additive (Poisson) models to examine the temperature 
mortality relationship in Hong Kong. Adjusted for 
seasonality, long-term trends, pollutants and other 
potential confounders, effect modification of the warm 
season temperature— mortality association by 
demographic, socioeconomic factors and urban design 
were examined. 

Results An average 1°C increase in daily mean 
temperature above 28.2°C was associated with an 
estimated 1.8% increase in mortality. Heat-related 
mortality varied with sociodemographic characteristics: 
women, men less than 75 years old, people living in low 
socioeconomic districts, those with unknown residence 
and married people were more vulnerable. Non-cancer- 
related causes such as cardiovascular and respiratory 
infection-related deaths were more sensitive to high 
temperature effects. 

Conclusion Public health protection strategies that 
target vulnerable population subgroups during periods of 
elevated temperature should be considered. 
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Over the past decade, the impact of climate change 
has led to an increased frequency and intensity of 
extreme temperatures. The International Panel on 
Climate Change projects that global climate change 
through changing weather patterns will result in an 
increased risk of temperature-related mortality 
around the world. 1 Periods of elevated temperature, 
in particular, are expected to contribute to a greater 
burden of mortality and morbidity in both high and 
low income settings. 2 3 

Population sensitivity towards extreme temper- 
ature varies with acclimatisation, demographics 
and socioeconomic characteristics; few studies have 
examined how intracity socioeconomic inequalities 
might affect the relation between temperature and 
mortality. 4 5 Moreover, those studies focused on 
specific causes of heat-related mortality. 6 A multi- 
country comparative study found that the pattern 



of heat-related mortality varied with average city 
income in urban settings. 7 In high income cities, 
older people were more vulnerable to heat-related 
mortality whereas in low income cities, mortality 
tended to accumulate for children. Hong Kong, 
a major city in China, has one of the world's 
highest intracity income inequalities and has had 
one of the world's highest average increase of urban 
ambient temperature during the past century. 8 This 
study aims to: (1) examine the relation between 
temperature and mortality for all non-accidental- 
related deaths in Hong Kong from 1998 to 2006; (2) 
explore how the relation between temperature and 
mortality varies with intracity demographic and 
socioeconomic status (SES) characteristics; and (3) 
describe the adverse health outcomes of climate 
change through temperature during the three 
hottest years in the past century in Hong Kong 
(2003-5). 

METHODS 

A retrospective ecological study based on routine 
mortality, temperature and pollution data was 
conducted. Mortality data were obtained from the 
Hong Kong Census and Statistics Department and 
129 688 non-accidental deaths that occurred 
between May and October from 1998 to 2006 were 
included in the final analysis. Mean daily tempera- 
tures, dew point temperatures and mean humidity 
were obtained from the Hong Kong Observatory. 
Pollution levels were obtained from the 11 general 
environmental collection stations of the Hong Kong 
Environmental Protection Department. Daily means 
were calculated from hourly concentrations of 
nitrogen dioxide, sulphur dioxide, ozone and PM 10 
(also known as respirable suspended particulates in 
Hong Kong). 9 Average weekly consultation rates for 
influenza-like illnesses reported by general outpa- 
tient clinics and general practitioners were obtained 
from the Centre for Health Promotion to use as 
a proxy indicator to control for the influence of 
influenza epidemics on mortality. Median monthly 
domestic household incomes according to govern- 
ment tertiary planning units (TPU), the smallest 
geographical unit for which data are released, were 
obtained as a measure of neighbourhood SES. 

The mortality data included age, gender, marital 
status, reported previous country of residence, area 
of residence and cause of death. Age was classified 
as 85 years or over, 75—84 years and 0—74 years and 
marital status as married or non-married. Neigh- 
bourhood SES was obtained from the median 
monthly domestic household income in the TPU of 
the area of residence, which was categorised as 'SES 
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low' (HK$<15000 per month/US$23 077 per year), 'SES 
medium' (HK$15 001-25 000 per month/US|23 077-38 462 per 
year) and 'SES high' (HK$>25000 per month/US$28462 per 
year). Migration status was derived from 'reported previous 
country of residence' as 'locals', 'migrants from China' and 'other 
countries'. A measure of urban design was created by grouping 
'area of residence' into: (1) Hong Kong Island (less densely 
populated coastal residence with good ambient air ventilation, 
younger population); (2) Kowloon (most densely populated area, 
with urban planning characterised by rows of 80+ storey 
buildings that block district ambient air ventilation); (3) New 
Territories (less densely populated new towns, younger popula- 
tion); and (4) unknown (which included population who are 
homeless, street sleepers, with transient status, live in area with 
no official residence district or with unknown residence status) 
(see supplementary appendix I, available online only, for detailed 
population density by residential categories). Cause of death was 
considered as cancer and non-cancer, and further subdivided into 
10 subtypes (cardiovascular, respiratory, nephritis, diabetes, 
septicaemia, aortic aneurism, cirrhosis, respiratory infections, 
stroke and others). 

Statistical model 

Generalised additive (Poisson) models were used to examine the 
association between daily mean temperature and daily deaths 
from natural causes during the warm season (May to October). 
Stata 9 and R 6.2.3 were used for analysis. Confounders 
considered were air pollution, day of the week and influenza 
circulation. In several Asian cities, using an average lag of 
0—1 days for pollutants had the strongest effect on mortality. 10 11 
Nitrogen dioxide, sulphur dioxide, respirable suspended partic- 
ulates and ozone were controlled for by using linear terms for 
the average of the same day and a lag of 1 day for each pollutant. 
Day of the week and holidays were controlled for by using 
indicator variables. Influenza was controlled for using a linear 



function of the average weekly cases reported to general prac- 
titioners and general outpatient clinics. Cubic smoothing spline 
functions with 40 degrees of freedom (df) were used to control 
for seasonality and long-term time trends. 12 With annual data 
7 df per year is often used, 13 but as we only considered 6 months 
we used 3.5 df per year plus 8 df for bridging the gap between 
adjacent years. The quasi-Poisson distribution family was used 
to account for possible data overdispersion. Model residuals were 
checked for autocorrelation. Sensitivity analysis was performed 
by varying the degree of freedom for smooth functions of time 
and temperature for the models. 

We originally considered daily temperature as four smooth 
terms with 4 df each for: (1) same day mean temperature; (2) lag 
1 mean temperature; (3) the averages of mean temperatures for 
lags 2 to 7; and (4) lags 8 to 14. Akaike's information vriterion 
(AIC) was used to compare models. In the final models, two 
linear terms were adopted to model the temperature effect on 
mortality. To account for the heat effect, 'same day mean daily 
temperature — 28.2 for days >28.2°Chapman and 0 for days 
<28.2°C was used. For modelling the cool effect a linear term, 
'28.2 — average of mean temperature for lags 0—7 for days with 
average of mean lag 0—7 temperature <28.2°C, 0 for days for 
which this average >28°C was used. The threshold temperature 
was estimated graphically. 

RESULTS 

The average daily mean temperature (SD) over the study period 
was 27.6°C, with a median of 27.8°C, a range from 19.7°C to 
31.8°C and an interquartile range from 26.4°C to 29.1°C. During 
the entire study period, 8 days had a mean temperature below 
22.0°C (see figure 1). 

Initially smooth terms for the averages of same day (lag 0), lag 
1, lags 2—7 and lags 8—14 mean temperatures were examined 
within the same model simultaneously. After adjustment for 
confounders, mortality increased consistently with the average 




24 26 28 30 22 24 26 28 30 

Mean of lags 2-7 mean temperature Mean of lags 8-14 mean teamperature 



Figure 1 Adjusted smoothed relationships between various lags of mean temperature and the centred log of mortality, all with 4 df and adjusted for 
seasonality, pollutants, day of week, holidays, influenza rates and the other lagged temperature variables. 
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same day mean temperature (p=0.019) (figure 1A), but there 
was no clear association with lag 1 mean temperature (figure 
IB). A U-shaped association was found for the average lags 2—7 
temperature, with a turning point at approximately 28.2°C 
(p=0.018) (figure 1C), whereas there was no clear association for 
the average of lags 8—14 mean temperatures (figure ID). (In the 
figures, a centered smoothed function of log mortality is shown 
rather than the actual log of mortality.) Higher daily mean 
temperatures were associated with increased mortality on the 
same day and subsequent day over the whole range of temper- 
atures during the warm season, but for temperatures below 
28.2°C there was a negative association between higher 
temperatures and mortality 2—7 days later. Subsequent model 
exploration indicated that the effect of increases in temperature 
above 28.2°C was to raise mortality significantly on the same 
day but that the lagged effects of high temperatures were very 
small, so we used a single linear term for same day temperatures 
over 28.2°C. For temperatures between 22.0°C and 28.2°C, 
a linear term 'the mean temperature of lags 0—7' was used to 
characterise the net short-term effect, as an increase in mortality 
on the same day appeared to be offset by decreases in mortality 
over the next few days. 

In sensitivity analysis, varying the degrees of freedom from 25 
to 60 of the smooth time-related function resulted only in 
minimal change. Varying the degrees of freedom for temperature 
(from 2 to 6) also did not affect the basic shape of the smooth 
function designed to capture temperature effects. Of the four 
pollutants, sulphur dioxide was the strongest predictor of 
mortality and the strongest confounder of the temperature 
pollution association. Models seemed to be insensitive to 
changes in the number of pollutants controlled for as long as 
sulphur dioxide was included. 

Table 1 shows the RR of temperature-related mortality per 
3°C increases and decreases in a single day's average daily 
temperature above 28.2°C for Hong Kong 1998-2006. On 
average, a 1.0°C increase in mean temperature above 28.2°C for 
a particular day was associated with an estimated 1.8% increase 
in mortality. Deaths among women (RR 1.068, 95% CI 1.017 to 
1.121, p=0.008) were more sensitive to higher temperatures 
than among men (RR 1.045, 95% CI 1.001 to 1.092, p=0.046). 
Age was collapsed into two groups (0—74 and > 75 years) 
because estimates for the 75—84 and over 85 years age groups 
were almost identical. After stratification we noted that among 
those less than 75 years old there was little difference between 
men and womens in terms of the sensitivity of daily mortality 
to higher temperature (RR (men) 1.067) versus (RR (women) 
1.061) but a much larger gender difference in sensitivity for 
those aged 75 years or older (RR (men) 1.014) versus (RR 
(women) 1.076). 

Temperature-related mortality was negatively associated with 
SES, with the strongest effects for those living in low SES areas, 
a weaker effect for those in medium SES areas, and no apparent 
effect for those in high SES areas. Urban design had little effect 
on the temperature— mortality relationship but those with 
unknown residence (RR 1.278, 95% CI 1.058 to 1.545, p=0.011) 
were more vulnerable to heat effects, as were married people. 

Stratification by cause of death showed that cancer deaths 
were insensitive to temperature changes while non-cancer 
deaths (RR 1.086, 95% CI 1.041 to 1.132, p<0.001) were asso- 
ciated with elevated temperature. Table 2 shows RR of cause- 
specific mortality corresponding to 3°C increases and decreases 
in a single day's average daily temperature above 28.2°C for 
Hong Kong 1998—2006. Deaths from cardiovascular diseases 
(RR 1.085, 95% CI 1.014 to 1.162) and respiratory infections (RR 



1.102, 95% CI 0.997 to 1.217, p=0.053) were sensitive to 
elevated temperature above 28.2°C. However, there was 
a different pattern of temperature mortality for decreasing mean 
temperature below 28.2°C during the warm season. Whereas 
migrant status and SES status were not significant effect 
modifiers, deaths among men (RR 1.039, 95% CI 0.995 to 1.085, 
p=0.021), those aged 75 years and older (RR 1.040, 95% CI 1.007 
to 1.075 p=0.019), those with unknown residence (RR 1.313, 
95% CI 1.129 to 1.528, p=0.000), marital status (RR 1.036, 95% 
CI 1.001 to 1.072, p=0.043) and non-cancer-related causes (RR 
1.034, 95% CI 1.104 to 0.968, p=0.024) were more sensitive to 
drops in temperature. 

DISCUSSION 

We found 28.2°C to be a critical threshold for elevated non- 
accidental mortality during the warm season in Hong Kong — a 
city that has had one of the highest income inequalities globally 
and the fastest increase of ambient urban temperature within 
the past century. 8 The temperature— mortality threshold we 
found is slightly higher than that found for stroke death using 
maximum temperature in Hong Kong 14 and higher than the 
threshold found for European cities. 15 Nevertheless, our findings 
are consistent with other Asia-specific studies 3 16-19 that have 
examined the effect of temperature on mortality. Our heat 
mortality threshold of 28.2°C is similar to that found for other 
Asian cities 3 such as Bangkok (29°C), Chiang Mai (28°C) and 
Delhi, India (29°C). However, the percentage increase in daily 
mortality for a 1°C increase above these thresholds was higher in 
those Asian cities (range from 2.4% to 5.8%) than in Hong Kong 
(1.8%), most likely due to better infrastructure development and 
greater access to air conditioning in Hong Kong. 20 Indeed, 
a study in Shanghai, China, hypothesised that the increased use 
of air conditioning might have contributed to the lower heat 
wave-related mortality in 2003 compared with 1998. 17 

On the other hand, a different pattern was found for increases 
in temperature between 22.0°C and 28.2°C, which were associ- 
ated with higher mortality on the same day but lower mortality 
2—7 days later. This mortality displacement could be due to 
'harvesting', 4 in which mortality is concentrated on the day 
when elevated temperature occurs and is followed by a subse- 
quent decline because very vulnerable individuals have been 
removed from the population. Another possible explanation for 
the temperature— mortality association difference above and 
below 28.2°C may be related to the potential longer-term cold 
effects that may have offset the short-term heat effects at 
temperatures lower than 28.2°C. 

Our study indicates that some groups may be more vulnerable 
to heat-related mortality within the urban community; in 
particular, those with lower SES, perhaps due to chronic health 
problems or to their inability either to afford air conditioners or 
their greater reluctance to use air conditioners due to the elec- 
tricity costs. As such specific health protection strategies may 
be necessary to protect vulnerable groups from the adverse 
health impact of elevated temperature. In addition, similar 
to other studies, we found that some cardiovascular and respi- 
ratory deaths were more sensitive to daily temperature 
fluctuations. 21-23 Our findings also indicate that heat might 
affect several other non-cancer causes of death. 

The strengths of this study include comprehensive non- 
accidental mortality data and neighbourhood income data from 
official information sources. The warm season analysis, 
however, may be a limitation as it only considers heat-related 
mortality between March and October. Other limitations of this 
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Table 1 RR of mortality corresponding to 3°C increases and decreases in a single day's average daily temperature above 28.2°C for Hong Kong 
1998-2006 



Variables 


3.0 C increase above 28.2 C 




3.0°C decrease below 28.2 C 




Nt 


RR (95% CI) 




p Value 


RR (95% CI) 




p Value 


All 


1.055 (1.022 to • 


1 .U3U/ 


0.001 


1 091 /fl QQ7 tn 
I .Ui I \U.33 / LU 


1 c\ar\ 

I .U40J 


0.022 


129 688 


Previous residence* (proxy for migration status! 














Hong Kong 


1.057 (0.981 to 


1 . 1 4U/ 


0.146 


1 09A /n Qfifi tn 
1 .U£4 \U.300 LU 


1 .UO J f 


0.406 


24 393 


China 


1.050 (1.012 to ' 


1 .U3U/ 


0.010 


1 099 /fl QQA in 

i \u.yy4 LU 


1 I*1R1 \ 
I .Uu I / 


0.127 


99195 


Gender 
















Male 


1.045 (1.001 to ' 


1 flQ9\ 
1 .U3Z/ 


0.046 


1 mQ /fl QQR in 
I .Uob \U.330 LU 


I .UOOJ 


0.021 


72148 


Female 


1.068 (1.017 to ' 


1 1 91 \ 
I . I L \ ) 


0.008 


1 nnn /n oka in 

I .UUU \U. 304 LU 


1 m7i 

I .Uo / / 


0.990 


57 538 


Age, years 
















>75 


1.047 (1.002 to ' 


i no/i i 
I .uy^j 


0.043 


1 n/in /1 nm tn 
I .U4U ( I .UU7 TO 


1 mKi 

I .U/OJ 


0.019 


70 466 


<75 


1.065 (1.015 to • 


1 1 f D\ 
I.I 1 Of 


0.011 


fl QQR /fl QRT in 
U.abo \U.30J LU 


1 n^i 

I .UoOJ 


0.928 


52 793 


Gender and age, years 
















Male >75 


1.014 (0.951 to • 


1 082} 


0.666 


1 ORR M flflfi tn 
I .U JO \ I .UUO LU 


1110) 


0.023 


33 254 


Male <75 


1.067 (1.005 to • 


i nil 

1 . 1 oof 


0.034 


1 09"? /fl Q7Q tn 
1 .Uto \U.3 / 3 LU 


1 .u/u/ 


0.308 


38 546 


Female >75 


1.076 (1.012 to • 


1 1 A1\ 


0.019 


1 P.9R /fl Q7Q tn 
I .UiO \U.3/3 LU 


1 n79\ 

I .VIZ) 


0.297 


37 212 


Female <75 


1.061 (0.976 to 


1 1 R9\ 
I . I Do) 


0.117 


fl QR9 /fl ffQ^ tn 
U.33Z \U.O30 LU 


1 rn i\ 

1 .U 1 o} 


0.117 


20 070 


SES of residential area* 
















Low 


1.065 (0.998 to 


I Ql~IQ\ 

i .y uyj 


0.056 


fl QR1 /fl QIA in 
U.30 1 \U.304 LU 


1 m?i 

I .\JJL) 


0.461 


38 249 


Medium 


1.038 (0.989 to 


I .U03/ 


0.129 


1 09Q /fl QQ1 tn 
I .Ui3 \U. 33 I LU 


1 nR7\ 
I .uo / / 


0.135 


68 952 


High 


1.003 (0.904 to ' 


I 1 1 91 

I.I 1 L) 


0.961 


f nic [n QQQ tn 
1 .U 1 O \U.3JO LU 


I .U33J 


0.708 


15 080 


Area of residence (proxy for urban design) 














Hong Kong 


1.043 (0.964 to ' 


1 1 90.1 

i . i zyj 


0.296 


1 099 in QR9 tn 
I XiLL (U.30Z TO 


1 n n Ki 

I .UoOj 


0.489 


25 954 


Kowloon 


1.041 (0.981 to 


1. 104) 


0.183 


1.004 (0.960 to 


1.051) 


0.852 


46 974 


New Territories 


1.042 (0.984 to • 


1.103) 


0.158 


1.015 (0.972 to 


1.061) 


0.496 


49172 


Unknown 


1.278 (1.058 to 


1. 545) 


0.011 


1.313 (1.129 to 


1.528) 


0.000 


7261 


Marital status 
















Married 


1.055 (1.007 to ' 


1.105) 


0.023 


1.036 (1.001 to 


1.072) 


0.043 


64816 


Unmarried 


1.042 (0.989 to 


1. 099) 


0.121 


1.020 (0.981 to 


1.061) 


0.319 


50185 


Cause of death 
















Cancer 


1.010 (0.959 to 


1.064) 


0.715 


1.002 (0.964 to 


1.041) 


0.938 


50 619 


Non-cancer 


1.086 (1.041 to • 


1.132) 


<0.001 


1.034 (1.104 to 


0.968) 


0.035 


79 069 



"The proxy socioeconomic status (SES) variable was created first by matching individual'area of residence' within the mortality data to the median monthly domestic household income within 
that area of residence as reported by government tertiary planning units (the smallest geographical unit for which data are available). Resulted proxy SES was then categorised into SES low (HK 
$==1 5 000 per month/US$23 077 per year), SES medium (HK$1 5 001-25 000 per month/US$23 077-38 462 per year) and SES high (HK$>25 000 per month/US$28462 per year). 
tf\l=129 688 non-accidental deaths were included in the analysis. Subgroup totals may not add up due to other or unknown cases. 
4: Mot shown in this table: reported previous residence from other countries. Information available upon request. 



study include the ecological fallacy, as temperature, pollutant 
exposures and SES were all measured at aggregate levels and the 
observed associations may not necessarily represent associations 
existing at an individual level. 24 Therefore the temperature 
mortality relationship found may not apply to certain subgroups 



such as those living in the small proportion of households 
without air conditioning. Another limitation is the inability to 
control completely for confounding when evaluating subgroup 
effect modification because age, SES, gender, cause of death and 
marital status are all associated with one another and we cannot 



Table 2 Subgroup RR of non-cancer-related mortality corresponding to 3°C increases and decrease in a single day's average daily temperature above 
28.2°C for Hong Kong 1998-2006 



3.0 C increase above 28.2 C 3.0 C decrease below 28.2 C 



Non-cancer-related death* 


RR (95% CI) 




p Value 


RR (95% CI) 




p Value 




Cardiovascular 


1.085 (1.014 to 


1.162) 


0.019 


1.044 (1.137 to 


0.959) 


0.094 


30 054 


Stroke* 


1.108 (0.972 to 


1 .264) 


0.123 


1.043 (0.947 to 


1.149) 


0.392 


9623 


Respiratory 


1.010 (0.959 to 


1 .064) 


0.715 


1.002 (0.964 to 


1.041) 


0.938 


8648 


Nephritis 


1.165 (0.966 to 


1.405) 


0.110 


1.113 (0.968 to 


1.280) 


0.132 


4035 


Diabetes 


1.093 (0.851 to 


1.404) 


0.485 


0.990 (0.823 to 


1.190) 


0.911 


2411 


Septicaemia 


1.128 (0.870 to 


1.464) 


0.363 


1.030 (0.848 to 


1.251) 


0.766 


2295 


Aortic aneurism 


0.859 (0.573 to 


1.288) 


0.462 


0.987 (0.732 to 


1.330) 


0.930 


992 


Cirrhosis 


0.979 (0.715 to 


1.341) 


0.894 


1.005 (0.795 to 


1.272) 


0.964 


1574 


Respiratory infection 


1.102 (0.997 to 


1.217) 


0.057 


1.010 (0.937 to 


1.089) 


0.790 


14 479 


Other 


1.083 (0.978 to 


1.199) 


0.125 


1.009 (0.936 to 


1.089) 


0.809 


13 634 



*ICD 9/ICD 10 codes for the studied medical conditions: cancer (ICD9 120-208 or ICD10 C00-C97); cardiovascular (ICD9 390-459 or ICD 10 I00-I99); stroke (ICD9 430-438 or ICD10 
I60-I69); respiratory (ICD9 470-478, 490-589 or ICD10 J30-J98); nephritis (ICD9 580-589 or ICD10 N00 N1 9); diabetes (ICD9 250 or ICD10 E10-E14); septicaemia (ICD9 038 or ICD10 
A40-A41); aortic aneurism (ICD9 441 or ICD10 171); cirrhosis (ICD9 571 or ICD1 0 K70, K73, K74); respiratory infection (ICD9 460-466, 480-487, 381-382 or ICD10 J00-J06, J10-J18, 
H65-H66, J20-J22). 

fN=79 069 total non-cancer deaths were included in the analysis. Subgroup totals may not add up due to other or unknown cases. 
^Stroke (cerebrovascular disease) is a subgroup of cardiovascular. 
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stratify by all of these variables simultaneously. In addition, we 
did not formally assess whether differences by demographic or 
socioeconomic factors were due to factors other than chance. 
Moreover, recent urban planning and projects may have 
impacted temperature variation in different areas of Hong 
Kong. 25 In particular, these urban construction projects may 
have affected Kowloon, where rapidly developing real estate 
projects have not considered environmental concerns such as 
urban ambient air ventilation for old buildings in the 
surrounding areas. 

In addition, while we acknowledge that adjusting potential 
confounding variables will be important to identify the true 
relationship between study variables and outcomes, our study 
design and the retrospective databases have limited the possi- 
bility of further adjustment for individual level variables because 
we are using an aggregate outcome, number of deaths and 
aggregate predictors. We can only directly adjust for aggregate 
predictors such as pollutant levels and day of the week. The RR 
in table 1 are not mutually adjusted, ie, they are not adjusted for 
individual variables such as age, gender and SES. 

The analyses stratified by area SES are not adjusted for differ- 
ences in age distribution, and thus the differences observed 
between those living in areas with different SES levels could 
possibly be due to other differences between these areas such as 
different age distributions, ie, confounding of the SES results by 
age. Yet, we believe the SES results for high temperature effects are 
not strongly confounded by differences in age distributions 
between the low, medium and high SES areas. We did not observe 
a large difference between age groups in terms of sensitivity of the 
number of daily deaths due to high temperature (2nd column in 
table 1) in lower SES areas in Hong Kong (which generally have 
a larger percentage of residents who are older). We did not observe 
a large difference between age groups in terms of sensitivity of the 
number of daily deaths due to high temperature (2nd column in 
table 1) in lower SES areas in Hong Kong (which generally have 
a larger percentage of residents who are older). 

Further prospective investigation and targeted public protec- 
tion strategies 26-34 should be developed. Strategies such as the 
establishment of heat health warning systems, public service 
announcements (eg, mass media messages, distribution of 
educational materials, automated notification systems), cooling 
centres, information phone lines, hospital alerts (for emergency 
preparedness), outreach to vulnerable groups (eg, homeless), 
distribution of cooling methods (eg, fans or air conditioner 
donations) and environmental projects (eg, urban planning) 
might be helpful to protect the general public from the adverse 
impact of elevated temperature. However, the cost-effectiveness 



What is already known on this subject 



► The adverse impact of elevated temperature on human 
mortality varies with acclimatisation, demographics and 
socioeconomic characteristics. 

► Socioeconomic and demographic risk factors for temperature- 
related mortality have been identified; however, there has 
been no study of the intracity variation in Asian metropolitan 
areas and the effect of urban design. 

► Hong Kong, a major city in China, has one of the world's 
highest city income inequalities and one of the world's highest 
average increases of urban ambient temperatures during the 



► This is the first study in an urban Chinese city to examine daily 
mean temperature mortality and its associated socioeconomic 
effect modifiers. The temperature— mortality threshold in Hong 
Kong was 28.2°C and the average per 1°C temperature 
increase was associated with a 1.8% increase in mortality 
above this threshold. 

► Subgroup analyses showed that mortality among women, 
those with unknown residence and married individuals was 
more sensitive to high temperature effects. An inverse 
gradient relationship was observed between area level SES 
and heat-related mortality. Non-cancer-related causes such as 
cardiovascular and respiratory infection-related death were 
significantly associated with temperature-related morality in 
urban Hong Kong, China. While area of residence (a proxy for 
urban design) was not found to be significantly associated 
with heat-related mortality, further study might be necessary 
as the current model cannot ascertain its true impact due to 
design limitations. 



► Epidemiological patterns of mortality in elevated temperature 
highlight vulnerable population subgroups in urban settings 
who may need targeted health protection strategies to protect 




of these strategies and the receptiveness of different population 
subgroups towards these strategies would need to be evaluated. 

CONCLUSION 

In Hong Kong, a major city in China with one of the world's 
highest income inequalities and the highest average increase of 
urban ambient temperatures during the past century an average 
1°C increase in daily mean temperature above 28.2°C was 
associated with an estimated 1.8% increase in mortality. Some 
population subgroups were more vulnerable to heat-related 
mortality, including women, men less than 75 years old, people 
living in low SES districts, those with unknown residence and 
married people. Deaths from cardiovascular and respiratory 
infections were also more sensitive to high temperatures. 
Targeted health protection strategies should be developed to 
protect the wellbeing of the population. 
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